The aim of the present investigation was to formulate and characterize nanocrystal formulation of Repaglinide for diabetes therapy. Formulation was done by high pressure homogenization. HPH pressure and cycles range were screened by preliminary batches (T1 and T2). 5, 8, and 10 cycles and 500 to 1500 bar pressure range had kept for further investigation. Taguchi design was used to optimize type of polymer, % polymer concentration, number of cycles, and HPH pressure for nanocrystal formulation. Formulations were characterized for particle size, zeta potential, and in vitro drug release. Optimized formulation (NC 3) showed particle size of 187 nm, zeta potential of −29.4 mv, and % drug release of 80.58% and it was used for further study. Data analysis proved significant effects of factors on responses. Polydispersity index (PDI) Analysis of optimized formulation were found to be 0.248. SEM showed nanocrystal aggregation of drug, may be due to water removal process. DSC showed slight change in crystallinity, may be due to the presence of PEG 4000. Stability study was carried out for 3 months. It indicated no significant change in particle size and zeta potential. However, further studies in higher animals and human being need to be performed before this formulation can be commercially exploited.
Introduction [1, 2]
Diabetes is one of the major diseases. Diabetes is a chronic condition that is caused by the body's incapability to produce or effectively use its own insulin. Insulin is a hormone necessary to convert food into glucose, which the body needs for the energy. Without production of enough insulin, glucose level becomes so high. As a result, permanent damage of blood vessel can occur.
There are two types of diabetes [3] : (1) diabetes insipidus (DI) and (2) diabetes mellitus (DM); it is a disorder that is characterized by the excretion of large amounts of severely diluted urine and excessive thirst with reduction of fluid intake having no effect on the concentration of the urine. There are several types of diabetes mellitus. Diabetes mellitus (DM) is a group of metabolic disorder in that the person has high blood sugar, either because cells do not respond to the insulin that is produced by the body or body does not produce enough insulinIt has also several types of various symptoms of diabetes which are as follows: polyphagia, blurred vision, loss of weight, and polyuria. Repaglinide [4, 5] is antidiabetic drug in the class of medications known as meglitinides [6] . Repaglinide is used to treat type 2 diabetes. Repaglinide depresses blood glucose concentrations by stimulating the release of insulin from beta cells of pancreatic islet tissue. This is done by a selective ion channel mechanism. Repaglinide prevents adenosine triphosphate (ATP) potassium channels on the beta cell membrane and potassium efflux. The resultant depolarization and calcium influx induce insulin secretion. Repaglinide is oral antihyperglycemic agent in type II diabetes. Repaglinide is BCS class II drug and its oral bioavailability is 56%. Repaglinide is incompletely absorbed from the gastrointestinal tract and has low oral bioavailability because of the poor solubility. So, an attempt was made to increase the solubility of Repaglinide while formulating nanocrystal. If one could be increase the solubility then may be the rapid absorption and enhance the bioavailability. Decreasing the particle size by formulating nanocrystal may increase the surface area.
Advances in Pharmaceutics
The aim here is to make a nanocrystal formulation using Taguchi design with variable process in the face of variation over have little or no control. The Taguchi method involves reducing the variation in a process through robust design of experiments. The overall objective of the method is to produce high quality product at low cost to the manufacturer. Nanocrystals are crystals having size less than 1 m [7, 8] . As the particle size of a crystal is decreased to about 100 nm, there is a drastic change in the properties of the material. The decreased size increases the surface area and solubility of drug and there is proportionate increase in the bioavailability of poorly soluble drugs.
Drug nanocrystals consist of a polymeric matrix and an incorporated drug. Drug nanocrystals do not consist of any matrix material. Nanocrystal formulations are particles made from drug. Typically, they are stabilized by surfactant or polymeric steric stabilizers. Hence, these particles possess a better drug loading in contrast to matrix nanoparticle consisting of polymeric matrix (polymeric nanoparticle) or lipid matrix (nanoemulsions, liposomes, and lipid nanoparticles [9] ).
The high loading makes them very efficient in transporting drug to or into cells, reaching a sufficiently high therapeutic concentration for the pharmacological effect. The nanocrystals are prepared in a liquid dispersion medium; that is, the nanocrystals are suspended in liquid. There are various types of advantages [8, 10, 11] . If Increase the rate of absorption and bioavailability may be Reduction in required dose. There are many types [9] [10] [11] [12] [13] [14] [15] [16] [17] of prepared nanocrystals; here, we prepare nanocrystals by high pressure homogenization microfluidizer technology (IDD-P technology), pistongap homogenization in water (DissoCubes), and piston-gap homogenization in nonaqueous medium (nanopure technology). [16] . An appropriate amount of Repaglinide was dissolved in a beaker by continuously adding the suitable solvents. The solvents screening was conducted in water, methanol, chloroform, and acetone. The solvents were added in a pipette in aliquots of 0.2 mL applying magnetic stirring until complete dissolution of drug. The solubility was calculated in mg/mL. Once an approximate solubility was found, the saturation solubility was determined, after which the mixture was stirred on a magnetic stirrer at 80 rpm for 24 hr and then filtered, and the content of dissolved drug was analyzed spectrophotometrically at 243 nm.
Materials and Method

Materials Used in the Present
(2) Production of Nanocrystal Formulations. Nanocrystal formulations were prepared by high pressure homogenization. The optimum combination of four independent variables, such as type of polymer, % polymer concentration, number of cycles, and pressure of HPH, were at three levels by Taguchi orthogonal experimental design to achieve optimum particle size, zeta potential, and in vitro drug release.
(3) High Pressure Homogenization Method. Repaglinide loaded nanocrystal was prepared by high pressure homogenization method. Stabilizer was dissolved in 50 mL of distilled water to obtain aqueous surfactant solution and drug is separately dissolved in acetone. Then, drug solution is added into aqueous surfactant solution under high speed homogenizer at 10,000 rpm for 15 min. to obtain coarse suspension. Then, this coarse suspension was subjected to high pressure homogenizer at varying pressures and cycles. Samples were withdrawn after the size reduction step for size distribution analysis. Then, this nanocrystal dispersion was lyophilized to obtain the nanocrystal. [11] . FTIR spectroscopy was carried out to further elucidate the interaction With Repaglinide polymer. Repaglinide and polymers were mixed with KBr and pressed (1 tone) into the pellets to carry out spectra by applying sufficient pressure with precaution to avoid moisture.
Evaluation Method (1) Drug Excipients Compatibility Study
(2) Measurement of Particle Size [18] [19] [20] [21] [22] [23] [24] [25] [26] . Particle Size and size distribution of the particles in the formulation were determined with a zetasizer nanoseries ZS. The sample for particle size analysis was added to a small dispersion unit called a cuvette. Average values were calculated from three batches of each sample. The diameters reported were calculated using volume distribution.
(3) Zeta Potential [20] . Zeta potential of the formulation was determined with a zetasizer nanoseries ZS. The sample for particle size analysis was added to the small dispersion unit called a cuvette. Average values were calculated from three batches of each sample.
(4) In Vitro Drug Release [26] . Dialysis bag diffusion technique was used to study in vitro release of drug from the prepared nanocrystal formulation. The 5 mL of formulation was placed in the dialysis bag HiMedia, molecular weight cut off 110 Dalton, sealed, and immersed into a 250 mL beaker containing 200 mL of the release media 0.1 N HCl which was maintained at 37 ± 0.5 ∘ C (stirred at 500 rpm) on magnetic stirrer (Remi instruments, India). Aliquots of 5 mL were withdrawn at predetermined time intervals (5, 15, 30, 45, 60, 90, 120, 150 , and 180 min) and immediately restored with the same volume of fresh media maintained at the same temperature. The drug was analyzed spectrophotometrically using 0.1 N HCl as a blank.
(5) Polydispersity Index [20] [21] [22] . PDI analysis of the formulation were determined with a zetasizer nanoseries ZS. The samples for PDI analysis were added to the small sample dispersion unit called as a cuvette. Average values were calculated from three batches of each sample.
(6) Scanning Electron Microscopy [11] . Scanning electron microscopy was used to check the morphological evaluation of drug nanocrystals. For SEM, the sample were glued and mounted on metal sample plate. The sample plate was gold plated with sputter coater using electrical potential of 2 kv at 25 mv for 10 min. The samples were examined under scanning electron microscope.
(7) Stability Study of the Formulation. The stability study of the formulation was carried out using three different temperature conditions according to ICH stability guideline Q1A R2: 5 ∘ C ± 3 ∘ C (refrigerator), 30 ∘ C ± 2 ∘ C/65% ± 5% RH (Ambient conditions), and 40 ∘ C ± 2 ∘ C/75% ± 5% RH (Stability Chamber). The nanocrystal formulation was stored in sealed vials and physical stability of the nanocrystal formulation was evaluated after 3 months. The particle size and zeta potential were measured by the Malvern Zetasizer.
Result and Discussion
Solubility Study. Methanol gave the highest solubility for
Repaglinide, but it is toxic for oral use so it is not used. Repaglinide was also soluble in acetone and chloroform so that acetone was selected as a vehicle acetone 70±1.5 mg/mL.
Drug Excipient Compatibility.
FTIR studies are performed as described in analytical method. To check drug excipient compatibility, FTIR is used. For different samples, spectra of FITR are given in Figures 1, 2, 3, 4 and 5.
Production of Nanocrystal Formulations
To formulate and optimize a dosage form, many different experimental designs are available. From that Taguchi orthogonal ED is taken because it is easy to understand. Table 2) and their correspondence between real and orthogonal values were varied at three levels. A Taguchi orthogonal experimental design (Table 3 ) was used to investigate the influence of critical variables as per Table 1 .
Taguchi Orthogonal Experimental Design. The optimum combination of independent variables (
Optimization of Formulation
The parameters for the optimization are as follows.
(1) Polydispersity Index. According to the procedure given in the experimental work, the Polydispersity Index was determined and data were observed as shown in Wavenumber (cm Advances in Pharmaceutics Independent variable  1  1  1  2  2  2  3  3  3  1  2  3  1  2  3  1  2  3  1  2  3  2  3  1  3  1  2  1  2  3  3  1  2  2  3  1 is from 0.0 to 0.5. The closer the PDI value to zero, the more homogeneous the particles.
(2) In Vitro Drug Release. In vitro drug release study was carried out as per the procedure given in the experimental work. The drug release data were obtained and were shown in Table 4 and the graph was shown in Figure 6 . The maximum release study was obtained in formulation NC 3.
(3) Measurement of Particle. According to the procedure given in the experimental work, the particle size determination was carried out. Average particle size of each of the formulations is shown in the required size obtained in formulation batch NC 3 and all the batches failed to show the required particle size for the optimization. Particle size report of optimized formulation is as per Figure 7 . 3500 3000 2500 2000 1500 1000 500
Transmittance (%) Table 5 . Particle size and zeta potential were slightly affected by the temperature conditions. Table 5 : Stability study of optimized formulation.
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Stability study Particle size (nm) Zeta potential (mV) (Mean ± SD) (Mean ± SD) Starting formulation 187 ± 5.09-29.4 ± 1.00 After 3 months 
Summary
Repaglinide shows very low solubility and poor bioavailability. Considering the drawbacks of conventional dosage form, nanocrystal formulation was thought to provide required delivery. The main objective of this project was to develop a nanocrystal formulation for Repaglinide for the treatment of diabetes that is capable of efficient delivery of loaded drug. Nanocrystal formulation of Repaglinide will give the required release of drug through oral route. To achieve this objective, by using Taguchi experimental design, nanocrystal formulations of Repaglinide were prepared by high pressure homogenization method. While preparing it, the effect of various formulation variables like the type of polymer, % polymer concentration, number of cycles, and high pressure homogenization pressure on the particle size, zeta potential, and in vitro drug release was evaluated. Optimized batch NC 3 was found to have the required particle size, zeta potential, and Polydispersity Index. Particle size of 187 ± 5.09 nm, zeta potential of −29.4 ± 1.00 mv, and PDI of 0.248 ± 0.04 were obtained. Scanning electron microscopy (SEM) image of lyophilized formulation shows the formation of nanocrystalline drug particles. Nearly identical sharp melting point peak in DSC thermograms shows that there is slight physical change in crystalline form in the formulation which may be due to the presence of PEG 4000. Finally, stability studies were carried out at three conditions for 3 months. The final formulation was also examined for the particle size and zeta potential. The particle size of the optimized formulation was tested after 3 months and also zeta potential was determined in three different conditions. Results show that there is no more variation in particle size and zeta potential so the formulation is stable.
Conclusion
The present study was an attempt to formulate nanocrystals of poorly water soluble drug, Repaglinide, having low bioavailability. The objective was to increase the dissolution of drug and to improve the patient compliance. The nanocrystal formulation of Repaglinide with the smaller particle size can be effectively produced by the high pressure homogenization method. The nanosizing approach enhanced the in vitro drug release of the Repaglinide. Repaglinide was successfully entrapped within the polymer with high efficiency. Thus, nanocrystal approach may be a promising carrier for Repaglinide and other class II drugs.
